ABSTRACT. An 8-year-old, female chipmunk (Tamias sibiricus), which had been kept as a pet, was presented with a chief complaint of the gradually enlarging mammary mass and dysuria. The mammary mass was surgically excised and was histopathologically diagnosed as mammary adenocarcinoma. Despite a general improvement in its condition and reduced dysuria after surgery, the chipmunk died on postoperative day 188. Pathological examination revealed that the mammary tumor had metastasized to both the lungs and the pelvic cavity. The metastatic focus in the pelvic cavity involved the left ureter, with ipsilateral hydronephrosis. Immunohistochemically, the tumor cells were stained positive for cytokeratin (CK) AE1/AE3 and partially positive for CK7, but negative for CK20. This is the first report of a mammary tumor in chipmunks. KEY WORDS: chipmunk, mammary adenocarcinoma, metastasis.
Mammary tumors are common in dogs and cats, and malignant mammary tumors frequently metastasize to the regional lymph nodes and lungs [1, 6, 9] . Mammary tumors have also been reported in rodents, including rats, guinea pigs, hamsters, mice, chinchillas, Mongolian gerbils and gray squirrels [3] [4] [5] 7] . The majority of mammary tumors in rats are fibroadenomas, which have a good prognosis, though tumors involving the vulval area are difficult to remove completely [3, 4] . Similarly, fibroadenomas are also the commonest mammary tumors found in guinea pigs [5] . However, there have been no reports describing mammary tumors in chipmunks (Tamias sibiricus), which is a species of squirrels inhabiting in the northeastern Asia. A tail root osteosarcoma is the only reported tumor in a chipmunk [8] . This report describes the first case of a mammary adenocarcinoma with distant metastases in a chipmunk.
An 8-year-old, female pet chipmunk, weighing 69 g, was presented to a private animal hospital with a gradually enlarging mammary mass of approximately 4 months duration, and dysuria of several weeks duration. At the initial visit, the animal also showed anorexia and inactivity. The mammary mass was 1.5  2.0  1.0 cm in size and irregular in shape, with ulceration of the overlying skin. It was located in the right inguinal area, close to the vulva (Fig. 1) . Fine needle aspiration of the mass disclosed clusters of epithelioid cells with variable nuclear sizes and obvious nucleoli, suggestive of carcinoma. Thoracic and abdominal radiographs revealed no evidence of metastases. Blood cell counts and blood chemistry analyses were performed, but evaluation was difficult because no normal values have been documented for chipmunks. Serum blood urea nitrogen and total cholesterol were elevated compared with normal values for dogs and cats ( Table 1) .
The mammary mass was surgically excised, fixed in 10% buffered formalin, and examined with hematoxylin and eosin (HE) stained sections. Histopathologically, multinodular neoplastic masses that composed of a mixture of irregular tubules, sheets of cells, and acini supported by a fine fibrovascular stroma were observed in the mammary tissue. The tubules were lined with moderately pleomorphic epithelial cells and occasionally contained eosinophilic material (Fig. 2) . Mitotic figures were scattered. Focal necrosis was also noted in the center of some of the neoplastic mass, and the overlying dermis was partially ulcerated. Nests of neoplastic cells were also seen in adjacent lymphatic vessels. From these findings, the mass was diagnosed as a tubular adenocarcinoma of the mammary gland.
The chipmunk's general condition and dysuria improved after the operation. However, 5 months after the operation, dyspnea gradually developed, and the animal eventually died on postoperative day 188. At necropsy, white nodules, up to 3 mm in diameter, were found to be disseminated in both the lungs, and the residual pulmonary tissue showed atelectasis. In addition, a similar large mass, 1.2  1.5  1.0 cm in size and involving the left ureter, was detected in the pelvic cavity, with hydronephrosis of the left kidney. Histopathological examination of the white nodules in the lungs revealed that they were composed of neoplastic tissue similar to that in the mammary tissue biopsied, and these were therefore interpreted as metastatic foci. Similarly, the large mass in the pelvic cavity was also confirmed as a metastatic focus, lacking any apparent lymph node structure and involving the left ureter. The involved area of the left ureter was surrounded by neoplastic tissue and the lumen had disappeared (Fig. 3) . Marked dilation of the ipsilateral renal pelvic cavity with compression atrophy of the renal parenchyma was also confirmed. To determine the cytokeratin (CK) immunoreactivity of the neoplastic cells in both the primary mammary mass and the metastatic foci, immunohistochemical examination was performed using a polymer method (Envision+ kit, DakoCytomation, Tokyo). The primary antibodies used were mouse monoclonal antibodies to anti-human CK (AE1/AE3, DakoCytomation), anti-human CK7 (OV-TL12/30, DakoCytomation), and anti-human CK20 (Ks20.8, DakoCytomation). For CK and CK20 immunohistochemistry, tissue sections were pretreated by autoclaving for 15 min at 121C in distilled water. For CK7 immunohistochemistry, tissue sections were pretreated by microwaving for 5 min in 0.01 M citrate buffer. As a result, neoplastic cells from both of the primary mammary mass and the metastatic foci were stained positive for CK and partially positive for CK7, but negative for CK20 (Fig. 4) .
The main initial symptoms in this animal were the presence of a gradually enlarging mammary mass and dysuria. Dysuria improved after surgical resection of the mammary mass. This suggests that the cause of the dysuria was compression of the vulvar urethra by the tumors. This animal experienced an improved quality of life for 5 months following surgery. We therefore suggest that surgery for mammary tumors is suitable in pet chipmunks, as is the case with dogs and cats. Hydronephrosis in the left kidney was thought to be due to compression of the ureter by the metastatic neoplastic tissues in the pelvic cavity. No similar condition has been reported in dogs and/or cats, and this was therefore considered to be a rare presentation. In the present immunohistochemical study of a chipmunk mammary adenocarcinoma, the tumor cells of both the primary and metastatic foci were stained partially positive for CK7, but were negative for CK20. These results are similar to those in dogs and cats where 56% and 50% of mammary carcinomas were CK7-positive and CK20-negative, respectively [2] .
At any rate, this is the first report of a mammary adenocarcinoma with compression of the ureter by the metastatic tumor tissues in chipmunks.
